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Sequential Networks 


S(t) 


1. Components F-Fs 
2. Specification 
3. Implementation: Excitation Table 


Specification 


e Combinational Logic 
— Truth Table 
— Boolean Expression 
— Logic Diagram (No feedback loops) 


e Sequential Networks: State Diagram 
(Memory) 


— State Table and Excitation Table 
— Characteristic Expression 


— Logic Diagram (FFs and feedback loops) 


Specification: Finite State Machine 


• Input Output Relation 

- State Diagram (Transition of States) 

e State Table 

е Excitation Table (Truth table of FF inputs) 
e Boolean Expression 

* Logic Diagram 


Specification: Examples 


е Transition from circuit to finite state 
machine representation 


— Netlist => State Table => State Diagram => 
Input Output Relation 


* Example 1: a circuit with D Flip Flops 
* Example 2: a circuit with other Flip Flops 


Building Sequential Circuits and describing their behavior 
The Behavior Effects Create your own cartoon at www.projectcartoon.com 


ik 
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How the customer How the project How the analyst How the programmer How the business How the project was 
explained it leader understood it designed it wrote it consultant described documented 


= 


iSwing 
What marketing 


What the customer 
installed was billed advertised really needed version 


What operations How the customer 


How it was supported 


The Open Source 


What we will learn: 


1. Given a sequential circuit, describe its behavior over time 
2. Given the behavior of a sequential circuit, implement the circuit 


Sequential Circuit: Wall-E How does Wall-E behave? 


What does it mean to describe the behavior of 
a sequential circuit 


Specify how the output of the circuit changes as a function of 
inputs and the state of the circuit 


PIO: What is the difference between the state of a 
circuit and its output? 


A. The output is independent of the state 
B. The output and state are the same thing 


C. The state 1s special type of output that is fed 
back into the circuit 

D. The state is input information that 1s 
independent of previous outputs 


State: What 15 1t? Why do we need 1t? 


Behavior over time 
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What 1s the expected output of the counter over time? 


Symbol/ Circuit 


2 bit Counter 


State: What is 1t? Why do we need it? 


Symbol/ Circuit Behavior over time 
2 bit Counter = | i | 
b time 
6, + nese (Umar (тіс d | doda 
> BEN] счас 


PI О: At time t,, what information 1s needed to produce the output of 
the counter at the next rising edge of the clock (1.e $)? 


A. All the outputs of the counter until t, 
B. The initial output of the counter at time t=0 
Ка The output of the counter at current time t, 
. We cannot determine the output of the counter at t; prior to t, |, 


State: What is 1t? Why do we need it? 


* The state is distilled output information that tells us everything we 
need to know to produce the next output. That is why it is fed back 
into the circuit. 

* In the case of the 2-bit counter the output (1.e. the current count) 15 
also the state of the counter. But we could have had other outputs 
that were not part of the state. E.g. A signal that indicated whether 
the current count is greater than 2. 
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Finite State Machines: Describing 
circuit behavior over time w 
4. w^ 

ед 


Diagram that | 
Symbol/ Circuit behavior over time 


2 bit Counter 1 
ZN 
> | © 


State Diagrams: Describing circuit 
behavior over time 


PIO: What information 15 not 
explicitly indicated in the state 


diagram? борода 4 ами 


A. Тһе(іприф(о the circuit (м) 

В. The@utput of the circuit [4] 
The time when state transitions 
occur 

D. The current state of the circuit. 

E. The next state of the circuit. 


State diagram of the 2 bit counter 
\ 
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Finite State Machine 
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Implementing the 2 bit counter 


ек enod Ta prh Outputs 
eo ( Q ЌЕ 60 Current state Next State 
) So S} 
= 0/0 S, S) 
© o > _ (Ол) s, " 
з, з (у0) s м 


0 
© S, à (UO бенен 5525,5 


оо 0/0 {Q(t Q(t) 


State Diagram 
7 >. Ш О | | О 
| 0 OI 
\ | o Oo 


Mike St ЖМ мрн |" State Table 
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Implementing the 2 bit counter 


97 


State Diagram 


Current state Next State 


So ŠI 

ŠI 5; 

5, 5; 

5; So 
оо 0/61) 
0 0 
1 1 
0 1 
1 0 


State Table 


Q(t+1) 
1 


0 
1 
0 
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Implementing the 2 bit counter 


„Крик ча} Зе 
об Q(t) окно ое) PI Q: To obtain the outputs Ox(t+1) 
0 0 0 TE and Q,(t+1) from the inputs Q,(t) 
0 1 im 9 and Q,(t) we need to use: 
1 0 1:67 le | | | 
| | 0 0 А. Combinational logic G 0 
B. Some other logic LY 1 
State Table _ 
Y (4) = 946% (X) ба) 6,5, + (9) Qo 
га = QU! 


J| км Ор de mot fade dolio (va) 20) 
Si) УФ 900) = 20) 


Implementi 
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State Table 
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ng the 2 bit counter 
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PI Q: What is wrong with the 2-bit counter implementation shown above 


A. The combinational circuit is incorrect 
B. The circuit state changes correctly but continuously rather than at the rising 


edge of the clock signal 
(c) The output of the circuit is unreliable because inputs can get corrupted 
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а a the 2 bit counter 
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0 0 0 Q,(t) 

0 1 1 0 

1 0 1 1 ) p © 

| 0 0 9) T 
State Table {Jd CLK 


ОО = 006) 
QI) ОС 0,07% ОО 
Implementation of 2-bit counter 
We store the current state using D-flip flops so that: 


* The inputs to the combinational circuit don’t change while the next output is 
being computed 


* The transition to the next state only occurs at the rising edge of the clock 
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Implementing the 2 bit counter 


ое ое ок) оно De НЕ 

0 0 0 Q,(t) 

0 1 1 0 

1 0 1 1 ) p © 

| | 0 0 Q,(t) T 
State Table — CLK 


Qo(t*1)- Qt)” 


O,(t+1) = Qo(t) 0, (6) 040 ОС) 


Implementation of 2-bit counter 


PIO: When did we fix our choice of flip flops 1n the design process? 
When we drew the state diagram 
6) When we wrote down the state table 
When wrote the characteristic expression 
D. When we implemented the circuit from the characteristic expression ?! 


Generalized Model of Sequential Circuits 
| Y Extev nal ори" 


S(t) 


exkernel | 
кри C 
HA 
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Modified 2 Би counter 


Modified 2 bit counter 


Characteristic Expression: 
y = Or) QW 
Окт)“ р, е 
01+) = oi) 


Вас w&).8,0) 
DH = Zľaa @ 98) 


Modified 2 bit counter 


y(t) = 0,000) 
000—1) = ВБ, = x(t)’ Q(t)’ 
O,(+1) = D,(t) = хо?(О,() © 0,0) 


Netlist © State Table © State Diagram © Input Output Relation 


Characteristic Expression: 


y(t) = QWQ) 
Qo(t*1)-7 Dy(t) = x(t)’ 000” 
010+) = D,(t) = xt (Qo(t) © 0,0) 


State table 
i State Assi t input 
gR ae OSES pN |x=0 ха 
0 


6, Ў 5 
« а) S, 512) (Si, 9 
S (94,0) (6,0) 

SS (0 _ 3 | ! 
: | 
S3 LI би) (м) 


9,0 ох Fiat оцет, у) | 
Present State [Next State, Output 
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Netlist < State Table © State Diagram © Input Output Relation 


y(t) = QOQ) 
Qo(t-1) = Dy(t) = x(t)’ ООО)” 
Q (ttl) = D,(t) = хо (ОФ, © 0,0) 


State table 
sut State Assignment 
PS x-0 x-l Let: 


00] 01,0 00,0 So = 00 
01| 10,0 00,0 51-01 
10| 11,0 00,0 52-10 
11100,1 00,1 S3 = 11 
ге 
0,(0 QO |0,01) ОСІ), y(t) . 
Present State | Next State, Output Remake the state table using symbols . 


instead of binary code , e.g. "00" 


27 


Netlist © State Table © State Diagram © Input Output Relation 


ош | 1 1 1 


Netlist © State Table © State Diagram © Input Output Relation 


input 


PS 


© 


(0 ог 1)/1 


N 


U uut 


(95) 


Example: Given inputs and initial state, derive 
output sequence 


Ош 90 foo 
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Example 3 Circuit with T Flip-Flops 


УО = QWQ) 
Tot) = x(t) 0,(0 
ТО = хо + Qt) 


Logic Diagram => Excitation Table => State Table 


y(t) = QOQA 

T(t) = x(t) O, (t) 

ТО = x(t) + Q(t) "P 

Оз) = ти QOTOQ) о 

0,01) = T,(t) LT (OT (00,0) Truth table of the Е-Е inputs 


ojo јо јо јо јо јо fo јо 
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Excitation Table: 1Clicker 


In excitation table, the inputs of the flip 
flops are used to produce 

A.The present state 

B. The next state 


Excitation Table =>State Table => State Diagram 


State Assignment 
po fo} ој ој o | о | S0 00 

$101 

$2 10 


S3 11 
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Excitation Table =>State Table => State Diagram 


State Assi 
gnment 
o ЕС ВС ETS S0 00 
5101 
52 10 
5311 
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Excitation Table =>State Table => State Diagram 


po fo} ој ој o | о | 


52,0 
53.0 
52.0 


State Assignment 
50 00 
S101 
S2 10 
531 
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Netlist <> State Table © State Diagram <> Input Output Relation 


Netlist <> State Table © State Diagram © Input Output Relation 


Implementation 
State Diagram => State Table => Logic Diagram 


“ Canonical Form: Mealy and Moore Machines 
* Excitation Table 
• Truth Table of the Е-Е Inputs 
* Boolean algebra, K-maps for combinational 
logic 
* Examples 
¢ Timing 


Canonical Form: Mealy and Moore Machines 


х(0) y(t) 


Combinational 
Logic 


x(t) y(t) 
Ца ^ 
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Canonical Form: Mealy and Moore Machines 


Mealy Machine: y,(t) = £(X(t), S(t)) 
Moore Machine: y,(t) = f.(S(t)) 


s(t*1) = g(X(6), SO) 


S(t) 
Mealy Machine Moore Machine 


47 


